Abstract Candida albicans vertebral osteomyelitis is rare. Three cases are presented. Without antifungal treatment, they developed spinal collapse and neurological deterioration within 3-6 months from the onset of symptoms. There was a delay of 4.5 and 7.5 months between the onset of symptoms and surgery. All patients were managed with surgical debridement and reconstruction and 12-week fluconazole treatment. The neurological deficits resolved completely. The infection has not recurred clinically or radiologically at 5-6 years follow-up. Although rare, Candida should be suspected as a causative pathogen in cases of spinal osteomyelitis. Without treatment the disease is progressive. As soon as osteomyelitis is suspected, investigations with MRI and percutaneous biopsy should be performed followed by medical therapy. This may prevent the need for surgery. However, if vertebral collapse and spinal cord compression occurs, surgical debridement, fusion and stabilisation combined with antifungal medications can successfully eradicate the infection and resolve the neurological deficits.
On examination, there was generalised weakness of MRC grade 4 in all muscle groups and positive myelopathic signs in all extremities. The investigations' results are summarised in Table 1 .
Plain radiographs and MRI confirmed C6 osteolysis and collapse with spinal cord compression (Fig. 1a) . She refused surgery for 6 weeks during which she had deteriorated neurologically by one grade power (now MRC grade 3). Further MRI confirmed increased abscess and spinal cord compression (Fig. 1b) . She underwent C6 corpectomy and debridement of cheesy material and infected granulation tissue. Anterior cervical fusion with iliac crest bone graft and locked plate stabilisation was performed. She was treated empirically with intravenous cefuroxime and gentamycin till Candidal infection was confirmed 3 days later.
She was subsequently treated with intravenous fluconazole 400 mg/day for 2 weeks then orally for further 10 weeks. At 6 weeks she had recovered her neurological deficit with complete return of motor function in all the limbs and was walking normally. She had remained asymptomatic since with no recurrence of infection clinically or radiologically 5 years after surgery (Fig. 1c, d ).
Case 2
A 65-year-old male farmer with insulin-dependent diabetes mellitus was admitted with malaise and back pain of gradual onset. There was no history of fever and night sweats. On clinical examination he was tender over his lower thoracic spine but there were no neurological abnormalities. The investigations' results are summarised in Table 1 . Radiographs of thoraco-lumbar spine did not reveal any lesion. The patient was discharged home with analgesia and iron.
Two months later he presented with persistent back pain and weight loss. Magnetic resonance imaging (MRI) revealed bone destruction of the adjacent margins of T11 and T12 and disorganised intervertebral disc. Needle aspiration was performed but failed to reveal any organism. The patient was treated empirically for possible bacterial osteomyelitis with imipenem and tetracycline but his back pain persisted.
Three months later, he presented with bilateral L2-L4 myotomal weakness of MRC grade 4 power. A follow-up MRI of the thoraco-lumbar spine revealed further bony destruction with anterior wedging of T11/ 12. There was evidence of paraspinal collection with epidural compression of the dural sac.
A computerised tomography (CT) guided needle aspiration revealed a thick, brownish yellow pus-like material and cultures confirmed Candidal infection. The patient was treated with intravenous fluconazole (400 mg/day) for 2 weeks prior to surgical debridement and posterior instrumented fusion from T10 to L1. The patient had recovered completely before discharge from hospital 2 weeks later. He subsequently continued oral fluconazole for 3 months. He had remained asymptomatic since with no recurrence of infection clinically or radiologically 6 years after surgery (Fig. 2) .
Case 3
A 31-year-old female presented with a 3-month history of low back pain and right-sided sciatica radiating to the foot. There were no objective neurological deficits. The investigations' results are summarised in Table 1 . Radiographs of the lumbosacral spine were reported as normal. Subsequent MRI scan revealed a well-circumscribed lesion in the L4 vertebral body that was reported by a radiologist as a Schmorl's node (Fig. 3a) . She was treated with NSAIDs and physiotherapy. She continued to have persistent low back pain. Three months later she presented with severe pain radiating to both legs and inability to stand due to pain. On examination, straight leg raising was limited to 30°on Lateral and AP cervical radiograph 5 years after surgery the right and 45°on the left. There were no neurological deficits other than MRC grade 4 power in tibialis anterior muscle (L4). On repeat MRI, a pathologic lesion in L4 vertebral body was recognised (Fig. 3b) .
She was offered surgical treatment but she refused that for 6 weeks. MRI scan was repeated before surgery (Fig. 3c, d) . Through an anterior approach, she underwent L4/L5 debridement, decompression and iliac crest bone grafting at L4/L5. Pus in the psoas sheath was evacuated and irrigated. Through a posterior approach, she underwent pedicle screw instrumentation without fusion from L3 to L5 (Fig. 3e) . The intra-operative cultures confirmed Candidal infection. She was treated with intravenous fluconazole 400 mg/day for 2 weeks followed by oral fluconazole for further period of 10 weeks. The legs motor weakness and pain resolved completely. On her last radiographs obtained 5 years after surgery (Fig. 3f) , there is metalwork failure and she has mild low back pain but she continues to have no leg pain or neurologic deficits.
Discussion
Candida species are low virulence organisms that inhabit the skin and mucous membrane of humans. There is increasing incidence of disseminated and deep-seated Candida infections in immuno-compromised hosts [7, 23] . However, the fungal infection has been rarely suggested as cause of vertebral osteomyelitis [13] . In 1998, Anderamahr reported a case of lumbar spondylitis due to Candida and reviewed 31 adult cases with vertebral osteomyelitis from the literature [2] . Since then, further 14 cases with vertebral involvement were reported [9, 10, 18, 21, 23, 24] , including three cases of Candida albicans vertebral osteomyelitis and discitis following laminectomy [18] which were attributed to wearing artificial nails by an operating room technician who was scrubbed for all these patients.
All our patients were not immuno-compromised although one was 70 year old and another was diabetic. There was no focus of Candidal infection apart from the spine in any of our patients. All had come from a suburban or rural community in Lebanon, eastern Mediterranean where tuberculosis and brucellosis are endemic, but all investigations for these and other bacterial infections were negative.
There are no non-invasive diagnostic tests or typical radiological findings in spinal candidiasis. Symptoms like low-grade fever, malaise and weight loss are nonspecific. Similarly, anaemia, neutrophilia and raised ESR are also non-specific, representing a chronic inflammatory process although markedly elevated ESR is suspicious of infection. Before vertebral collapse occurred in our cases, the MRI features included absence of disc hyperintensity and preservation of the internuclear cleft on T2 weighted images [24] in addition to increased signal intensity on gadolinium-enhanced T1-weighted images.
The delay of anti-fungal medical or surgical treatment in our cases allowed us to evaluate the natural course of the disease. Candida affects the spinal segments probably through haematogenous dissemination [2, 7, 19] and once a focus develops in the vertebral body it continues an indolent course. In our cases, vertebral collapse and neurological deficits became apparent within 3-6 months from the onset of symptoms.
The delay in diagnosis between the onset of symptoms to the diagnosis of vertebral candidiasis has been reported as ranging from 1 month to several years [11, 22] , with an average of 3.3 months. The reasons for delayed suspicion and diagnosis in our cases include: (a) Delay in presentation: case 3 presented 3 months after onset of symptoms. (b) Delay in investigations: An MRI was not obtained for 2-3 months after onset of symptoms in cases 1 and 2. A high index of suspicion and immediate MRI would have confirmed the pathologic lesions before vertebral collapse and neurological compromise developed. (c) Failure of percutaneous aspiration to confirm diagnosis: in case 2, the initial aspiration was negative for any organism and the patient was treated empirically with antibiotics for suspected bacterial infection till a further MRI and CT-guided biopsy confirmed Candidal infection 3 months later. Immediately repeating a large-calibre core percutaneous or open biopsy may have confirmed the Fig. 2a) was wrongly interpreted as ''Schmorl's'' node in L4 causing further delay of three more months before the pathologic lesion was correctly diagnosed on a second MRI. If the initial MRI scan in case 3 was accurately interpreted as a pathologic lesion, the patient may have been successfully treated conservatively. Gadolinium-enhanced T1-and T2-weighted MRI just before surgery showing further collapse of the L4 vertebral body and spinal canal narrowing. There is increased signal in the affected vertebral body on both images. There is no significant involvement of the adjacent discs. There is anterior abscess formation. e Lateral lumbar radiograph immediately following surgery. f Lateral lumbar radiograph 5 years after surgery As soon as osteomyelitis is suspected, investigations with MRI and percutaneous biopsy should be performed followed by medical therapy. This may halt the progression of bony destruction and prevent the need for surgical treatment [1, 23] . Surgery is primarily indicated for failure of or relapse after conservative treatment, significant spinal collapse and neurological deficits [3] .
Unfortunately, the infection was not suspected till vertebral collapse with spinal cord compression occurred in cases 1 and 2 and surgical treatment was then the best management to recover the neurological deficits [8] . In case 3, the L4 vertebra was severely affected with mild collapse and associated anterior and posterior abscesses and L4 weakness. The management options included conservative treatment with biopsy, medical therapy and bed rest; posterior surgical stabilisation and transpedicular biopsy with or without fusion; or anterior debridement of the abscesses, tissue diagnosis and fusion combined with posterior stabilisation. Combined anterior and posterior surgery was performed although there is controversy regarding the use of instrumentation in the presence of and for the treatment of spinal infection. However, there are multiple reports of the use of anterior debridement and bone grafting in combination with anterior or posterior instrumentation followed by intravenous antibiotics for fungal, pyogenic or tuberculous discitis and vertebral osteomyelitis [5, 12, 15, 17, 20] . Some authors have recommended primary reconstruction for all pyogenic infections of the spine to maximise eradication of the infection [6] and others have recommended surgery for aiding in diagnosis as well as decompressing and stabilising the spine at the same time [16] . At 5-year's follow-up radiographs, the instrumentation has failed. This is likely due to the fact that instrumentation was performed at two levels but fusion was performed only at one level and the instrumentation was not removed before metalwork failure. Despite metalwork failure in that case, the use of instrumentation in combination with debridement and antifungal therapy was successful in eradicating the infection and resolving the neurological deficits in all cases.
Conclusions
Although rare, Candida should be suspected as a causative pathogen in cases of spinal osteomyelitis. It can occur without any predisposing risk factors. Without treatment the disease is progressive and leads to vertebral destruction and spinal cord and neural compression. As soon as osteomyelitis is suspected, investigations with MRI and percutaneous biopsy should be performed followed by medical therapy. This may halt the progression of bony destruction and prevent the need for surgery. However, if vertebral collapse and spinal cord compression occurs, surgical debridement, fusion and stabilisation combined with medical therapy can successfully eradicate the infection and resolve the neurological deficits.
